Topological Systems
Introduction
Usually discussions of stability in plasma confinement deal with dynamic, or ordinary stability, characterized by a minimum in the potential energy. This paper will discuss another type of stability: topological stability. Ordinary or dynami c stability can be described as follows: if the magnetic bottle used for confinement is disturbed, as it will be by inevitable fluctuations in the plasma currents, the bottle is said to have ordinary stability if it remains near the original configuration, but it is unstable if the disturbance grows and permits the escape of the plasma.
Topological stability is a less familiar concept and is concerned with the topological character of the system of trajectories or phase portrait defined by the vector magnetic field on the plasma surface. If, under sufficiently small continuous changes of the parameters, the phase portrait of the vector field makes a discontinuous change into a topologically different (1) Whether the limit cycle configuration, which should be topologically stable, can be created in a laboratory plasma.
(2) Whether such a limit cycle configuration has physical significance in improving plasma confinement.
Computer Simulation
A computer simulation of the plasma compression has aided in designing the experiment.9,10 One of the problems in designing such an experiment is the complex nature of the inductive interactions between the plasma and the external coils. The computer was used to aid in determining the currents, voltages, etc., necessary to produce a plasma equilibrium with limit cycles. In the computer simulation, the plasma was regarded as a perfectly conducting gas, and its surface was represented by a set of circular loops of resistanceless wires.11 Figure 2 shows a typical computer calculation of the plasma shape during the compression with the associated poloidal magnetic field configuration. Due to the symmetry of the plasma shape and magnetic fields, only the upper half plane is shown. There is also a strong toroidal field present which is not in the figure. The two external toroidal coils in the experimental design, discussed below, are represented by wires in the computer model and are shown in Figure 2 . Current directions in the plasma surface and in the toroidal coils are indicated by the circle and cross symbols. The poloidal or theta coil was included in the model exactly, without using the wire approximation, but is not shown in the figure. The computer model also included in the coil circuits the capacitors in the energy bank and external inductances representing cables, spark gaps, etc. Using familiar concepts of inductance to include the complex nature of the interaction between the plasma and the external coils, the induced currents in the various wires and the resulting forces between them were calculated and used to model the plasma compression. A snowplow model was included in the compression phase. The computer program was used to determine the optimum coil configuration, the vacuum chamber shape, information about the plasma equilibrium, and the energy bank parameters. 
Experimental Design
The coil design decided upon is shown in Figure 4 . The vacuum vessel and plasma are also shown. An expanded view of this is shown in Figure 5 . Notice that the poloidal or theta current is in the outermost or theta coil. The two inner coils, called the I-coil and the C-coil, are toroidal and conduct current in opposite directions as shown.
It is recognized that the plasma shape shown has unfavorable curvature on the outer edge which could lead to instabilities. The computer simulation indicates that the outer toroidal field coil will provide some stabilization for the plasma. Motion of the plasma toward that coil increases the induced currents in the plasma, thus increasing the magnetic fields between the coil and the plasma. The increased magnetic pressure provides a restoring force to correct the outward plasma drift. This would be similar to the correctional force observed in the screw pinch. It was observed in the screw pinch experiment that a small outward displacement of the plasma column resulted in a counterforce on the plasma due to compression of the magnetic field between the plasma and the metal shell surrounding the torus.12
An appropriate plasma regime for the creation of topologically stable limit cycles is the same as for the fast theta pinches since the necessary large toroidal field on the limit cycles must be created by a theta current. Also a high beta (S -1), thin skin model is postulated in the proof of topological stability. Physically this requires fast rising fields. Consequently, the proposed experiment is modeled after well-known theta pinch experiments such as the Scylla-IV series at Los Alamos.
There will be separate energy banks connected to each of the coils with a total bank energy of about 25 kJ. The projected rise time is less than 2 psec, with a peak field of about 8 kilogauss in the vacuum region. When the currents in the three coils are approximately at their maximum values, the capacitor banks will all be crowbarred. The plasma is expected to reach a temperature of about 100 eV at a density of about 1016 particles per cubic centimeter at the maximum compression which is achieved by a fast rising shock wave driven by the three energy banks. The plasma will be preionized by an r-f signal into the plasma followed by the discharge of a single 1.85 pF, 50 kV capacitor through the theta coil. This discharge will be crowbarred at the maximum current to avoid the negative voltages which result during a ringing discharge. These parameters are summarized in Table I. The shape of the plasma cross section and a mapping of the magnetic field profile would give sufficient information to establish the existence of limit cycles. This information, as well as equilibrium and stability data, can be found using standard diagnostic techniques.
Summary
An experiment has been proposed which will examine the stability properties of a high beta, toroidal plasma with limit cycles, which is expected to be topologically stable on the surface. The proposed experiment, known as the Topolotron, will be a small torus operated in the regime and using the technology of a fast theta pinch. This will provide the high beta environment favorable to the creation of limit cycles. The experiment is expected to determine whether limit cycles can be created experimentally and what effect a limit cycle structure has on plasma stability. 
